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Semantic Similarity

e Solve the problems of structural similarity

— Two entities that look similar
* Do not imply
 They have the same meaning
— And two entities with similar meaning
Do not imply
e that they look similar
e When we want to find similar entities
— Based on their meaning
— Not on how they look like



Example: Similar Semantics
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e Different structure but

 both central nervous system stimulants (cresi:3s337)



Example: Similar Structure
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e Similar structure but

e different roles

— adenosine is an anti-arrhythmia drug (cHesi:38070)
— nucleoside (cHEBI:18254)



Semantic similarity measures

* |nput:

— two ontology concepts

— or two sets of terms annotating two entities
e Output:

— a numerical value reflecting the closeness in
meaning between them




Information Content

measures how specific and informative a concept is

_ g freqle) |
[C(c) = — log( maxFreg )

Inversely proportional to frequency in a given corpus
The frequency is also propagated to its ancestors

— IC proportional to the depth of a concept

Extrinsic IC

— number of entities mapped to each concept

Intrinsic IC
— number of children
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Similarity based on IC

e Similarity proportional to the

— |C of the most informative common ancestor
(MICA)

e Shared information between two concepts
e Resnik
— Weighted Jaccard index of two sets of concepts

 Shared information between two entities
e SImGIC



Example

IC(copper) > IC(coinage) > IC(metal)

Sim(copper,gold) ~

IC(coinage)

Sim(copper,palatium) ~

IC(metal)

Sim(copper,gold) >

Sim(copper,palatium)

metal

precious

coinage

palatium

palladium

gold

silver

copper
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BOA (Biomedical Ontology Applications) (Aplicagdes de Ontologias Biomédicas) aims at researching and developing applications to effectively explore all the

information contained in Biomedical Ontologies.

Tutorials

» Demonstration Video &
» Demo at ICBO 2011

Web Tools

n ProtelnOn & can be used to find interacting proteins, find assigned GO terms and calculate the functional semantic similarity of proteins and to get the information
content and calculate the functional semantic similarity of GO terms

» CMPSim & provides a functional similarity measure between chemical compounds and metabolic pathways using ChEBI-based semantic similarity measures

n GRYFUN @& for the visualization, filtering and analysis of GO functional annotation profiles of a given protein family

n CESSM g provides a tool for the automated evaluation of GO-based semantic similarity measures

BOA API Documentation
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Tutorials

» Demonstration Video &
nDemo at ICBO 2011

Web Tools

» ProtelnOn @& can be used to find interacting proteins, find assigned GO
terms and calculate the functional semantic similarity of proteins and to get
the information content and calculate the functional semantic similarity of
GO terms

» CMPSim &' provides a functional similarity measure between chemical
compounds and metabolic pathways using ChEBI-based semantic similarity
measures

W or the visualization, filtering and analysis of GO functional
annotation profiles of a given protein family

n CESSM e provides a tool for the automated evaluation of GO-based
semantic similarity measures

BOA API Documentation
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Sources

Select protein set to explore: CAZy Placeholder 1. Placeholder 2... Input set...

GRYFUN, GRaph analYzer of FUNctional annotation is a webtool that allows the visualization,
filtering and subsequent analysis of Gene Ontology (GO) annotation profiles. A GO annotation
functional profile consists of the collection of GO terms annotated to proteins in a given protein

family (or set).

GO comprehends three orthogonal ontologies - biological process, molecular function and cellular
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Sources

Enzyme Classes Choose a CAZyme enzyme class from the dropdown menu

Glycoside Hydrolases

GlycosylTransferases

G’olysaccharide Lyases je is a resource that supplies family descriptions of structurally-
and carbohydrate-binding modules (or functional domains) of

Carbohydrate Esterases grade, modify, or create glycosidic bonds.

This section of GRYFUN allows users to browse through the four Enzyme Classes currently covered
by CAZy families of modules that catalyze the breakdown, biosynthesis or modification of
carbohydrates and glycoconjugates:

¢ Glycoside Hydrolases (GHs) : hydrolysis and/or rearrangement of glycosidic bonds
¢ GlycosylTransferases (GTs) : formation of glycosidic bonds

¢ Polysaccharide Lyases (PLs) : non-hydrolytic cleavage of glycosidic bonds

o Carbohydrate Esterases (CEs) : hydrolysis of carbohydrate esters
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(PLt) P2 PL3 P4 PLS PL6 PL7 PSP PLIO PLIf
PLI2 PL13 PL14 PLIS PL16 PL17 PLI8 PL20 PL2L PL2

Enzyme Classes

slycoside Hydrolases
slycosylTransferases

‘olysaccharide Lyases base is a resource that supplies family descriptions of
.ed catalytic and carbohydrate-binding modules (or functional

“arbohydrate Esterases i o
! r/mes that degrade, modify, or create glycosidic bonds.

This section of GRYFUN allows users to browse through the four Enzyme Classes currently
covered by CAZy families of modules that catalyze the breakdown, biosynthesis or modification
of carbohydrates and glycoconjugates:
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Home About Sources Contacts

PLL PL2 PL3 P4 PL5 PL6 PL7 PL8 P9 PLIO PLI1 PLI2 PLI3 PL14 PLI5S PL16 PL17 PL18
PL20 PL21 PL22

Enzyme Classes

Biological Process Molecular Function Cellular Component
Family/set: PL1 (CAZy) ‘ Coot | Bt
Toi-:al family/set s.ize: 6072 protein erjtrie.s; Fitto Original
UniProt coverage: 73.1%; (491 entries); Width Width

Ontology coverage: 6.99%; (47 annotated entries);

GOscore: 0.197 GOocc: 0.362
Root term: biological_process
Root's frequency: 100% (47)

Bacteria : ( 27 ) Eukaryota: ( 19 ) Other: (1)
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(33/47) 70.2% e [*] [X]

[re-ROQT] [w Tab]

term name:
carbohydrate metabolic process

IExport] IProteInOn] [InterPro]
[ Bacteria (15) 2

[ Eukaryota (18) A

/

pectin
catabolic

1 e e e s

Acc
Q2TWM1L
Q2TX54
Q3AVN4
Q5B297
Q00645
Q01172
Q00205
QIUUS4
Q9C2Z0
A2QFN7
A2QV36
A2QW65
AJR3I
AJR6AL
A2RBL2
Q8NJKSG

[ QSMBK3
[ B3GQR3

Species

Aspergillus oryzae
Aspergillus oryzae

Emericella nidulans
Emericella nidulans
Emericella nidulans
Aspergillus niger

Aspergillus niger
Colletotrichum gloeosporioides f. sp. malvae
Aspergillus niger

Aspergillus niger CBS 513.88
Aspergillus niger CBS 513.88
Aspergillus niger CBS 513.88
Aspergillus niger CBS 513.88
Aspergillus niger CBS 513.88
Aspergillus niger CBS 513.88
Aspergillus niger

Aspergillus niger

Aspergillus niger

IExport TSVI IProteInOn] IInterProI

proce...

cellular
cell
wall
organizat...

mg

[Export TSV] [ProteInOn]
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[Export TSV] [ProteInOn]

[] term names

["! polysaccharide catabolic process

["| pectin catabolic process

[l pectin metabolic process

["! carbohydrate catabolic process

["! cellular polysaccharide catabolic process
[l polysaccharide metabolic process

["! carbohydrate metabolic process

["! cellular polysaccharide metabolic process
["! cellular carbohydrate catabolic process

[l cellular carbohydrate metabolic process
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(33/33) 100% [~1 [X]

[re-ROOT] [new Tab]

term name:
carbohydrate metabolic process

ProtelnOn| |InterPro

_ | Bgkteria (15) 2

Acc Species

[l C6WMZY Actinosynnema mirum DSM 43827
DOSZ13  Micromonospora aurantiaca ATCC 27029
DISTET  Clostridium cellulovorans 743B

DISX08  Clostridium cellulovorans 743B

B8I4T1  Clostridium cellulolyticum H10

A3DHF2  Clostridium thermocellum ATCC 27405
A3DJLY  Clostridium thermocellum ATCC 27405
C5BT62  Teredinibacter turnerae T7901

ASB3WL  Herpetosiphon aurantiacus ATCC 23779
Q21148 Saccharophagus degradans 2-40
D4LB72  Ruminococcus sp. 18P13

D4LCH8 Ruminococcus sp. 18P13

D4LD20  Ruminococcus sp. 18P13

D4LD22  Ruminococcus sp. 18P13

D4LDE6  Ruminococcus sp. 18P13

[ Egkaryota (18) A

Acc Species

Q2TWMI1 Aspergillus oryzae

QITXS4  Aspergillus oryzae

Q35AVN4  Emericella nidulans

Q5B297  Emericella nidulans

Q00645 Emericella nidulans

Q01172 Aspergillus niger

Q00205 Aspergillus niger

QIUUS4  Colletotrichum gloeosporioides f. sp. malvae
Q9C2Z0  Aspergillus niger

A2QFNT  Aspergillus niger CBS 513.88
A2QV36  Aspergillus niger CBS 513.88
A2QW6S  Aspergillus niger CBS 513.88
AIZR3IL - Aspergillus niger CBS 513.88
AZR6AL  Aspergillus niger CBS 513.88
A2RBLY  Aspergillus niger CBS 513.88
Q8NJK6  Aspergillus niger

QSMBK3 Aspergillus niger

B3IGOR3 Aspergillus niger

[Export TSV] [ProteInOn] [InterPro]

occ

27
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14
27
14
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14
14
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score

0.281
0.247
0.246
0.217
0.212
0.201
0.168
0.129
0.123
0.001
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[Export TSV] [ProteInOn]

[] term names

["! polysaccharide catabolic process

["| pectin catabolic process

[l pectin metabolic process

["! carbohydrate catabolic process

["! cellular polysaccharide catabolic process
[l polysaccharide metabolic process

["! carbohydrate metabolic process

["! cellular polysaccharide metabolic process
["! cellular carbohydrate catabolic process
[l cellular carbohydrate metabolic process
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term name: [re-ROOT] [new Tab]
carbohyguaiemmeielolic process
Enlg PerPro
Bacteria A
Acc Species
C6WMZY Actinosynnema mirum DSM 43827
DOSZ13  Micromonospora aurantiaca ATCC 27029
DISTET  Clostridium cellulovorans 743B
DISX08  Clostridium cellulovorans 743B
B8I4T1  Clostridium cellulolyticum H10
A3DHF2  Clostridium thermocellum ATCC 27405
A3DJLY  Clostridium thermocellum ATCC 27405
C5BT62  Teredinibacter turnerae T7901
ASB3WL  Herpetosiphon aurantiacus ATCC 23779
Q21148 Saccharophagus degradans 2-40
D4LB72  Ruminococcus sp. 18P13
D4LCH8 Ruminococcus sp. 18P13
D4LD20  Ruminococcus sp. 18P13
D4LD22  Ruminococcus sp. 18P13
D4LDE6  Ruminococcus sp. 18P13
Eukaryota (18) "

Acc Species

Q2TWMI1 Aspergillus oryzae

QITXS4  Aspergillus oryzae

Q35AVN4  Emericella nidulans

Q5B297  Emericella nidulans

Q00645 Emericella nidulans

Q01172 Aspergillus niger

Q00205 Aspergillus niger

QIUUS4  Colletotrichum gloeosporioides f. sp. malvae
Q9C2Z0  Aspergillus niger

A2QFNT  Aspergillus niger CBS 513.88
A2QV36  Aspergillus niger CBS 513.88
A2QW6S  Aspergillus niger CBS 513.88
AIZR3IL - Aspergillus niger CBS 513.88
AZR6AL  Aspergillus niger CBS 513.88
A2RBLY  Aspergillus niger CBS 513.88
Q8NJK6  Aspergillus niger

QSMBK3 Aspergillus niger

B3IGOR3 Aspergillus niger
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27
14
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Protein Interactions and Ontology

Home About Sources Team
Step 1: Query Step 2: Options Step 3: Input
Proteins
Measure: simGIC -
compute protein semantic similarity - : C6WMZ5, DISE13, DISTET, DISK
GO type: Molecular Function H 08,B8I4T1,A3DHF2,A3DJL9,Ci‘
5BT62,A9B3W1,Q21IA8, DALBT
2,DALCHS, D4LD20, DALD22, D4 _
- Ignore IEA LDF6, Q2TWM1, Q2TXS4, QSAVNY
ProtelnOn

The query compute protein semantic similarity returns the semantic B ProceIngn
similarity scores between all proteins entered, in matrix format.
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Home

Step 1: Query

compute protein semantic simiIarityH

About

Step 2: Options

Measure:

GO type:

 Select All

simGIC

Molecular Function |-}

1 Ignore IEA

Sources

P

Protein1 M Protein2 M| Score ™
<<prev 1/53 next>>
0C6WMZ9 0D9SZ13 100%
0C6WMZ9 DA9B3W1 100%
[ B8I4T1 D4LB72 100%
[B8I4T1 ' D4LCHS8 100%
[ B8I4T1 7 D4LDF6 100%
A3DHF2 CA3DIL9 100%
O A3DHF2 0 C5BT62 100%
0A3DIL9 1C5BT62 100%

Team

Step 3: Input

Proteins

(XML TSV| |Run]




Home About Sources Team

Step 1: Query Step 2: Options Step 3: Input
Proteins

Measure: simGIC

find GO terms representativity H
GO terms to ChEBI

compute term semantic similarity
compute protein semantic similarity

GO type:  Molecular Function |

1 Ignore IEA

U ¢l Up
'ind GO terms representativity

Reset | | Back XML TSV
Rest] (ot

Select All
Protein 1 Protein 2 Score ™
<<prev 1/53 next>>
v C6WMZ9 D9SZ13 100%
C6WMZ9 vA9B3W1 100%
B8I4T1 D4LB72 100%
B8I4T1 D4LCH8 100%
B8I4T1 D4LDF6 100%
v A3DHF2 v A3DIL9 100%
v A3SDHF2 wC5BT62 100%
v A3DIL9 wC5BT62 100%




Home

Step 1: Query

compute protein semantic simiIarityH

About

Sources
Step 2: Options
Proteins

Measure: simGIC

P

GO type:  Molecular Function |

1 Ignore IEA

Team

Step 3: Input

TSV| |Chart Run

~ Select All

TermId M Term Name M| # Proteins M| %Occurence M | e-valuel| info content [k

<<prev 1/1 next>>
[G0:0047490 pectin lyase activity 12 36.4% 0.0x10100 0.7461
0G0:0016837 || carbon-oxygen lyase activity, acting on polysaccharides 17 51.5% 0.0x10100 0.5113
1G0:0016829 lyase activity 27 81.8% 0.0x10190 0.2020
[G0:0030570 pectate lyase activity 5 15.2% 8.9x10716 0.5929
[G0:0004553 | hydrolase activity, hydrolyzing O-glycosyl compounds 12 36.4% 1.5x10°14 0.2689
£0G0:0030246 carbohydrate binding 9 27.3% 2.3x10712 0.3087
[G0:0030247 polysaccharide binding 5 15.2% 2.5x10-10 0.4340
FERANNNANIA H eatalutic activity H 22 H 1NN NoL H 1 4.1n-06 H n NIR?
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Home About Sources Contacts

PL1 PL2 PL3 P4 PLS PL6 PL/7 PL8 P9 PLIO PL11
PL12 PL13 PL14 PL15 PL16 PL17 PL18 PL20 PL21 PL22

Enzyme Classes

Biological Process Molecular Function Cellular Component

@e 'PL1" molecular function graph
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Home About Sources Contacts

PLL PL2 PL3 P4 PL5 PL6 PL7 PL8 P9 PLIO PLI1 PLI2 PLI3 PL14 PLI5S PL16 PL17 PL18
PL20 PL21 PL22

Enzyme Classes

Biological Process Molecular Function Cellular Component
Family/set: PL1 (CAZy) ‘ Coot | Bt
Toi-:al family/set s.ize: 6072 protein erjtrie.s; Fitto Original
UniProt coverage: 73.1%; (491 entries); Width Width

Ontology coverage: 58.2%; (391 annotated entries);

GOscore: 0.196 GOocc: 0.146
Root term: molecular_function
Root's frequency: 100% (391)

Archaea : ( 2 ) Bacteria : ( 276 ) Eukaryota: ( 112 ) Other: (1)

A "
transferase : ' carbohydrate
activity ivi ! X binding

I\ 2
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Home About
Step 1: Query Step 2: Options

Measure: simGIC

GO terms to ChEB B ,
GO terms to ChEBI GO type: Molecular Function
compute term semantic similarity

compute protein semantic similarity Ignore IEA

find interacting proteins
find GO terms representativity

The query compute term semantic similarity returns the semantic
similarity scores between all GO terms entered, in matrix format.

ProteiNgN

Protein Interactions and Ontology

Sources Team

Step 3: Input

Terms

G0:0016829,60:0016837,G0: ~
0030570,G0:0016835,G0: 004|i|
7490,G0:0003824,G0:003059

9,60:0030246,60:0004091,G _
0:0016798,G0:0046872,G0:0 ,

< Run
ProtelnOn

! Az ?_rgmm.m

a0
|
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Protein Interactions and Ontology

Home About Sources

Team
Step 1: Query Step 2: Options Step 3: Input
Terms

Measure: <simGIC

compute protein semantic similarity - : 6030016829, G0: 0016837, C0:

GO type: Molecular Function 0030570,G0:0016835,G0:004"

7490,G0:0003824,G0: 003059
Ignore IEA 9,G0:0030246,60:0004091,G _

0:0016798,G0:0046872,G0:0 ,

@tinue to CMP@

xldb.fe.ul.pt/biotools/beta/cmpsim/calc_sim_cpd.php?acc=30413,26932




CMPSim

Chemical and Metabolic Pathway Similarity

::: alpha version :::

- Compare compounds

30413, 26932 Measure: simGIC

f

This webtool is brought to you by

XLDB - Lasige

Search

| Search |

Try an Advanced Search.

Tools

» Calculate similarity between compounds
» Calculate similarity between pathways
» Characterize pathways

» Pathway index
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CMPSim

Chemical and Metabolic Pathway Similarity

::: alpha version :::

- Compare compounds Search

30413, 26932 Measure: simGIC -

Try an Advanced Search.

| Search |

P

Tools

Compound1 M Compound2 M Score ™

- W
<<prev 11 next>> Calculate similarity between compounds

» Calculate similarity between pathways
i CHEBI:3041 3) CHEBI:26932 19.711% » Characterize pathways
NS 7 » Pathway index

This webtool is brought to you by BIOMEDICAL
XLDB - Lasige B A ONTOLOGY
APPLICATIONS
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Databases | Tools

Help Feedback

Site Index [ ._5;

* ChEBI Home

" Advanced Search
Browse

¥ Submissions®

* Downloads

* Documentation
Developer Resourcas

* &5 Preferences

* Contact ChEBI

* Printer Friendly View

| Research Training Industry | About Us ' Help
EBI » Databases » Small Molecules » ChEBI > Main
heme (CHEBI:30413)

Search ChEBI here!

l Search ChEBI

Search for « .« only ¥/

Main ‘ Automatic Xrefs
ChEBI Name 0 heme
CheBIID @ CHEBI:30413
Definition 7} A heme is any tetrapyrrolic chelate of iron.
Stars @ V0 This entity has been manually annotated by the ChEBI Team.

Secondary ChEBI IDs @ CHEBI:14386, CHEBI:24491

ChEBI Ontology @

& Trea view

heme (CHEBI:30413) is a metallotetrapyrrole (CHEBI:33909)
Outgoing heme (CHEBI:30413) is a metalloporphyrin (CHEBI:25216)
heme (CHEBI:30413) has role prosthetic group (CHEBI:26348)
siroheme(6-) (CHEBI:60052) is a heme (CHEBI:30413)
hemoprotein (CHEBI:35137) has part heme (CHEBI:30413)
ferroheme (CHEBI:38573) is a heme (CHEBI:30413)
ferriheme (CHEBI:38574) is a heme (CHEBI:30413)
heme-amino acid (CHEBI:24485) is a heme (CHEBI:30413)
alpha-oxyprotohemin IX (CHEEI:22465) is a heme (CHEBI:30413)
etiohemin | (CHEBI:24008) is a heme (CHEBI:30413)
heme a (CHEBEI:24479) is a heme (CHEBI:30413)
heme o (CHEBI:24480) is a heme (CHEBI:30413)
heme-thiolate prosthetic group (CHEBI:36073) is a heme (CHEBI:30413)
heme & (CHEBI:26355) is a heme (CHEBI:30413)
siroheme (CHEBL:28599) is a heme (CHEBI:30413)

Incoming

IUPAC Names @
heme

hemes

Synonyms 0
haem

haem

Sources
UPAC
ChEBI

m
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Tutorials  http://xldb.di.fc.ul.pt/wiki/BOA

biomedical informatics

a Research Line » Demonstration Video &
nAEB »Demo at ICBO 2011
u CoherenZy
YHCM Web Tools
® Therminfo » ProtelnOn @& can be used to find interacting proteins, find assigned GO
n FIBRE . e .
— terms and calculate the functional semantic similarity of proteins and to get
+SABO the information content and calculate the functional semantic similarity of

GO terms
» CMPSim &' provides a functional similarity measure between chemical

internal information

"XLDB compounds and metabolic pathways using ChEBI-based semantic similarity
search measures
» GRYFUN g for the visualization, filtering and analysis of GO functional
Go | Search annotation profiles of a given protein family
» CESSM & provides a tool for the automated evaluation of GO-based
toolbox

semantic similarity measures
What links here .
Related changes BOA API Documentation
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